Abstract. Hip fractures may be prevented by the use of external hip protectors, but compliance is often poor. Therefore, the objective of this study was to assess the determinants of compliance with hip protectors by systematically reviewing the literature. A literature search was performed in PubMed, Embase and the Cochrane Library. Primary acceptance with hip protectors ranged from 37% to 72% (median 68%); compliance varied between 20% and 92% (median 56%). However, in most studies it was not very clear how compliance was defined (e.g., average wearing time on active days and during waking hours, number of user-days per all available follow-up days, percentage falls with hip protector) and how it was measured. To provide more insight in the compliance percentages, the different methods of defining and measuring compliance were presented for the selected studies, when provided. Because of the heterogeneity in study design of the selected studies and the lack of quantitative data in most studies, results regarding the determinants of compliance could not be statistically pooled. Instead a qualitative summary of the determinants of compliance was given. The reasons most frequently mentioned for not wearing hip protectors, were: not being comfortable (too tight/ poor fit); the extra effort (and time) needed to wear the device; urinary incontinence; and physical difficulties/ illnesses. In conclusion, compliance is a very complex, but important issue in hip protector research and implementation. Based on the experiences of elderly people who wear the hip protectors, adjustments should be made to the protector and the underwear, while maintaining the force attenuation capacity. Furthermore, methods to improve the compliance should be developed, and their effectiveness tested.
Introduction
Hip fractures are a major health problem in the elderly. In The Netherlands more than 15 000 hip fractures occur every year [1] . The consequences of hip fractures can be severe. One year after hip fracture, the mortality of patients with a hip fracture is about 17-33% [2] [3] [4] and another 25-33% of the patients are severely disabled or cannot walk at all [3, 5] . Furthermore, the costs of hip fractures are very high, especially due to hospital admission and nursing home stay [6, 7] .
While some drugs may prevent up to 50% of hip fractures in patients with established osteoporosis [8] , attention has also been focused on nonpharmacologic interventions, such as the hip protector [9] . A hip protector is a shell of polypropylene, polyethylene or some other material, which is usually sewn or placed in pockets of special underwear. When a person falls on the hip, the hip protector will shunt away the energy towards the soft tissues around the hip and/or a part of the energy will be absorbed by the hip protector. Depending on the protector type, there may be differences in force attenuation capacity [10] . Hip protectors may be particularly important for elderly people who have osteoporosis and carry a high risk for falls.
The first large randomized clinical trial examining the effectiveness of external hip protectors on the incidence of hip fractures was published in 1993 [11] . The result of this study was promising: a relative risk of hip fractures of 0.44 (95% CI 0.21-0.94) was found in the intervention group as compared with the control group. However, compliance was poor: a substudy on falls showed that only 24% of the falls were protected.
To optimize the compliance of elderly persons with hip protectors, it is necessary to first identify factors influencing the compliance. Therefore, the objective of this study was to assess the determinants of compliance with hip protectors by systematically reviewing the available literature.
Methods
A literature search was performed in PubMed, Embase and the Cochrane Library from the start of these databases until June 2001 using the following keywords: compliance, prevention of hip fractures and hip protector. For each keyword synonyms were sought and combined using all fields: compliance (compliance, adherence, receptivity, acceptability, feasibility), prevention of hip fractures (prevention, protection, protective clothing, protective device, hip fracture) and hip protector (hip protector, Safehip, Safety Pants, KPH, hip pad, hip fracture preventive system). Furthermore, references of the selected articles were checked. (The precise search strategy is available on request.) The literature search was updated in May 2002 by adding the randomized clinical trials that were published since June 2001.
Two persons (W.D., P.L.), independently of each other, selected relevant titles and abstracts. The following inclusion criteria were used: (a) intervention: hip protector; (b) outcome measurements: compliance or primary acceptance; and (c) persons aged 65 years and over. When there was disagreement between the reviewers about the selection of an article, the article was judged again by both reviewers in full text and, when necessary, a consensus meeting was arranged. No restriction of year, language or publication type (review, full report, short report, abstract, etc.) was used. Only study protocols (without results) were excluded.
The median acceptance and compliance were calculated and the interquartile range was given. The results regarding the determinants of compliance could not be statistically pooled because of the heterogeneity in study design and the lack of quantitative data in most studies. Instead a qualitative summary of the literature is given.
Results
The first literature search was performed in September 2000. This resulted in 597 articles, of which 246 were found in PubMed, 273 were found in Embase and 78 were found in the Cochrane Library. After excluding the duplicate articles, 432 potentially eligible articles were left. Of these, nine titles/abstracts were selected by both reviewers; the reviewers disagreed about 23 titles/ abstracts; and 22 titles/abstracts were unclear to both reviewers. After reading the 45 full-text articles (or abstracts/letters in the absence of a full-text publication) of the last two categories, in total 24 articles were selected for the review. In June 2001, the literature search was updated. This resulted in 83 new potentially eligible articles, of which five were selected. Reference tracking led to the inclusion of another four articles. The agreement between the two reviewers was good (Cohen's kappa = 0.72). Finally, in May 2002, the literature search was updated once more by adding three randomized clinical trials which had been published since June 2001.
Of the 36 selected articles, there were 14 studies which had acceptance or compliance with hip protectors as a primary outcome measurement. The most important characteristics of these studies are presented in Table 1 . Four of these studies were of an exploratory nature [12] [13] [14] [15] and consisted of focus groups (discussion groups according to certain questions) or interviews. In these studies, hip protectors were not worn by the participants; and in two of these studies the hip protector was not even shown to the participants [13, 14] . Therefore, the results of these studies should be interpreted with caution. In another study, interviews were performed among purchasers of hip protectors [16] . It is difficult to compare the compliance in this study with the compliance in the other studies because purchasers are a very selected population. In the other studies, a prospective design was used [3, [17] [18] [19] [20] [21] [22] [23] [24] . Table 2 shows the acceptance and compliance and the determinants of compliance with wearing hip protectors in these studies.
Furthermore, eight randomized clinical trials examining the effectiveness of external hip protectors were selected [11;25-31] , as well as one randomized clinical trial examining the influence of hip protectors on fear of falling and falls self-efficacy (belief in own ability to avoid falling) [32] . The results regarding the effectiveness of the hip protector are summarized in the Cochrane review of Parker et al. [9] and will not be described here. In one study, no acceptance or compliance percentages were reported at all [31] . The acceptance and compliance results of the other randomized clinical trials are presented in Table 3 . Primary acceptance could be determined in only two randomized clinical trials, because in these studies the willingness to participate was assessed after randomization: 69% and 72% of the persons assigned to the hip protector group were willing to participate, respectively [25, 28] . Compliance varied from 24% to 92%, with a median compliance of 57% (interquartile range 44-70%). However, compliance was defined in many different ways in the different studies, or sometimes not defined at all. When provided, the compliance definitions are presented in the Tables.
In the randomized clinical trials, which are presented in Table 3 , some casual observations regarding the determinants of compliance were made. The following factors may influence the compliance negatively: musculoskeletal or cerebral disorders [11] ; adverse effects, such as skin irritation or abrasion, swelling of the legs, bowel irritation [25, 26, 30] ; hip protector experienced as too hot [29, 33] , uncomfortable in bed [26, 29, 33] and necessitating assistance in toileting [29, 33] ; being bedridden [30] . Other factors may influence the compliance positively: the good understanding and sufficient motivation of the institution staff [27] or staff commitment [26] ; dementia [27] ; hip protectors feeling warm, increasing the feeling of safety and decreasing the fear of falling [29, 33] ; positive attitude of the staff because the patients could be left to walk around more freely [29, 33] .
In two of the trials, an adherence nurse contacted patients when they were not adhering [26, 32] . In the latter, approximately one third of the participants was visited because of insufficient adherence. After 4 months, only 8% of the participants were completely non-adherent. In this study, it was shown that hip protectors improve falls self-efficacy. This can lead to an increase in physical activity and improved daily function and, therefore, to an improved compliance [34] . Furthermore, 11 reviews [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] and two abstracts [46, 47] were selected. In a psychogeriatric nursing home, only one of 45 patients with a high risk for falls refused to wear hip protectors for a short time [35] . Caregivers did not experience the hip protectors as timeconsuming. Furthermore, no pressure sores or problems with urinary incontinence material were observed. Patients who went to the toilet independently and could not manage the hip protector safely, were not given hip protectors.
In a running prospective cohort study in 500 orthopedic patients, changes were made to the design of the hip protector in order to improve the compliance [36] . During the first 9 months, 23% of the patients returned their hip protector (user rate 77%). According to the authors, these preliminary results show that easy handling appears to be important in improving the compliance. Dementia, however, may reduce the compliance [46] . In 1998, an abstract was published on the same study: after a follow-up of 1 year, primary acceptance was 57% and 46% stopped wearing hip protectors [47] .
For a cost-effectiveness study, overall long-term compliance with wearing hip protectors was calculated [37] . When pooling the results of five studies [3, 11, 29, 30, 48] , only 251 of 694 trial participants (36%) were wearing the hip protectors in the long term. Finally, hip protectors can improve self-confidence and diminish self-restraint of physical activity, which is often caused by fear of falling [38] . In the other reviews that were selected, no new information regarding the determinants of compliance was found.
Discussion
Primary acceptance was low to moderate: it ranged from 37% to 72% in the studies in which hip protectors were actually given to participants [17, [22] [23] [24] [25] 28, 47] . Compliance varied between 20% and 92% [3, 11, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] 29, 30, 32, 47] . The median acceptance and compliance were 68% (interquartile range 57-70%) and 56% (interquartile range 41-73%), respectively. However, in most studies it was not very clear how compliance was defined and how it was measured. If described, many different definitions were used, e.g., average wearing time on active days and during waking hours, number of user-days per all available follow-up days, percentage falls with hip protector, percentage participants who were wearing the hip protector on most days, percentage participants who were wearing the hip protector at a certain moment. Furthermore, the duration of the followup varied substantially; and in some studies, persons who dropped out were replaced by new subjects.
In one study, 53% of the participants stopped within 1 week and another 20% stopped between 1 and 12 weeks [3] . Apparently, most people stop wearing hip protectors soon after the start. Therefore, it seems advisable to use a try-out period or, in clinical studies, a run-in period. When using a run-in period in clinical studies, the compliance will probably be higher than without a runin. However, the results can only be generalized to other people who have tried the hip protector during a run-in period and who were still wearing the hip protectors at the end of this period.
In two studies, different types of hip protectors were compared with regard to compliance [18, 19] . In both studies a soft hip protector was compared with a hard type. Participants using the softer type were more compliant. However, both studies were very small. Furthermore, when choosing a certain hip protector not only compliance but also both the biomechanical and the clinical effectiveness should be taken into account.
Many different determinants for non-compliance were described. Most studies had an explorative nature. The determinants for non-compliance that were mentioned most frequently in the included studies were: not being comfortable (too tight/poor fit); the extra effort (and time) needed to wear the device; urinary incontinence and physical difficulties/illnesses. Because of the tightness of the underpants, some people experienced the hip protector as uncomfortable or having a poor fit. Furthermore, because of the same tightness, the hip protector was for some people difficult to remove. Therefore, some people needed more help with dressing or when going to the toilet. Also, persons who suffered from urinary incontinence needed more help when using the hip protector. They also needed more underpants. This can be a problem because of the high costs of the hip protector. Finally, physical difficulties (e.g., weakness in the upper limbs and protector pressing on operated hip) and illnesses (e.g., dementia) were reasons for non-compliance.
It seems very important to adjust the hip protector in such a way that it becomes more comfortable and easier to handle [46, 47] . Furthermore, extra sizes should come available. However, the problem of the tightness of the underpants can probably not be solved completely, because some tightness is needed to keep the shells of the hip protector in place.
The hip protector is not an appropriate intervention for all elderly persons. When elderly people have difficulties in managing the hip protector, this is not only a factor influencing the compliance but may also increase the risk for hip fractures. In one case report, a hip fracture was reported in a woman with Alzheimer's disease who fell twice during one night while trying to go to the toilet [49] . The hip protector appeared to be around her knees during the falls. Another case, in which a 84-year-old woman sustained a proximal femoral fracture while correctly wearing a hip protector, concerned a person with vascular dementia and Parkinson's disease who tried to undress but was not able to undo the well-fitting hip protector. When trying to remove her underwear from underneath the hip protector, she lost her balance and fell [50] . According to Chel and Ooms [35] , hip protectors should not be given to patients who go to the toilet independently but cannot put on and take off the hip protector safely.
In future research, it might be interesting to make a profile of people who show high adherence. This knowledge can possibly help in selecting people who are suitable for using hip protectors. Until now, only a few prospective studies have been carried out in which the hip protector was actually worn by the participants and in which the strength of the relationship was quantified. It was shown that compliers were younger (p < 0.05) and had lower grip strength (p < 0.01) than drop-outs [18] . Second, more drop-outs than wearers experienced the hip protector as uncomfortable (p < 0.001) and found the appearance of the hip protector unattractive (p < 0.001); and fewer drop-outs than wearers found the hip protector useful (p < 0.001) [24] . Third, fallers were more compliant than non-fallers (p < 0.01) [23] . This last finding is possibly one of the reasons why several trials have found effectiveness despite the fact that the compliance was low or moderate. It may be that the persons who have a higher risk of fracturing a hip, for example the fallers, show a higher compliance and use the protectors at a higher rate in fall-risk situations, for example, when going outside. This was supported by the study of Kannus et al. [25] , in which 74% of the falls were protected while the overall compliance rate was 48%.
To make it possible to compare future studies, it is important to define acceptance and compliance consistently. Our proposal is to define acceptance as ''the percentage of persons who agree to wear the hip protector''. The acceptance should be calculated by dividing all persons who agree to wear the hip protector by the total number of persons who were asked to wear the hip protector. User compliance can be assessed at certain time points, e.g., by unexpected visits, or continuously, e.g., by the diary method. Of the different methods (unannounced visits, announced visits, diary, telephone interviews, interviews, survey), unannounced visits seem the most valid method, because it can be checked whether the participant is actually wearing the hip protector. The diary method gives the most complete information, i.e., the total number of days and the number of hours per day the participant is wearing the hip protector. A disadvantage of this method is that it can influence the compliance and it is unclear how high the compliance will be when the participants are no longer using the diary. Furthermore, participants may forget to complete the diary or they may give socially desirable answers. To determine the compliance, it is preferable that three different calculations are made: (1) the proportion of persons who are compliant during waking hours (or the proportion of user-days per all available follow-up days); (2) the proportion of persons who are compliant during day and night time; (3) the proportion of falls with protectors in place.
In conclusion, acceptance and compliance are important issues in hip protector research. To enable comparability of future studies, acceptance and compliance should be defined more consistently, and the calculation method should be described clearly. It is important to examine in prospective trials which people are likely to adhere, and which people can handle the hip protector properly. Furthermore, based on the experiences of elderly people who wear the hip protectors and their caregivers, adjustments should be made to the protector and the underwear, so that elderly people are more willing to wear protectors. Furthermore, methods to improve the compliance should be developed, and their effectiveness tested.
